® 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 





@ Publication number: 0 566 349 A2 



@ 



EUROPEAN PATENT APPLICATION 



@ Application number : 93302836.7 
@ Date of filing : 13.04.93 



@ int. ci. 5 : C08F 4/602, C08F 10/00 



(30) Priority : 15.04.92 JP 95574/92 

@ Date of publication of application : 
20.10.93 Bulletin 93/42 



(84) Designated Contracting States : 
BE DE FR GB IT NL 



© Applicant : MITSUBISHI PETROCHEMICAL 
COMPANY LIMITED 
2-5, Marunouchi 2-chome 
Chiyoda-ku Tokyo-to (JP) 



(72) Inventor : Fujita, Takashi, c/o Mitsubishi 
Petrochem. Co. Ltd. 

Yokkaichi Sogo Kenkyusho, 1, Toho-Cho 

Yokkaichi-shi, Mie-Ken (JP) 

Inventor : Sugano, Toshihiko, c/o Mitsubishi 

Petrochem.Co.Ltd 

Yokkaichi Sogo Kenkyusho, 1, Toho-Cho 
Yokkaichi-shi, Mie-Ken (JP) 
Inventor : Uchino, Hideshi, c/o Mitsubishi 
Petrochem Co. Ltd. 

Yokkaichi Sogo Kenkyusho, 1, Toho-Cho 
Yokkaichi-shi, Mie-Ken (JP) 

@ Representative : Kyle, Diana 

Elkington and Fife Prospect House 8 
Pembroke Road 

Sevenoaks, Kent TN13 1XR (GB) 



(54) Process for producing alpha-olefin polymers. 

(57) A process for producing an a-olefin polymer characterized in that an a-olefin is brought into contact 
with a catalyst which comprises the following components (A) and (B) and has undergone the 
preliminary polymerization of an a-olefin under the following preliminary polymerization conditions (i) 
and (ii) thereby polymerizing the a-olefin : 
preliminary polymerization conditions : 

(i) the polymer produced by the preliminary polymerization has a number average molecular weight 
based on the measurement of GPC of at least 100,000 ; 

(ii) the amount of the polymer produced by the pre-pdymerization exceeds 50 g of the polymer/g of 
the component (A) ; 

component (A) : 

a prescribed transition metal compound having a cyclopentadienyl ligand, 
component (B) : 

a prescribed alumoxane. 

A polymer having a particle diameter of 100 nm or more can be stably produced by a simple and easy 
method, and the polymer can be handled easily. 
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BACKGROUND OF THE INVENTION 

The present invention relates generally to processes for producing a-olefin polymers. Specifically . the 
present invention relates to a process for producing a-olef in polymers having an average particle d,ameter of 
iSJJn or more, the process comprising polymerizing an a-olef in with a catalyst which has been used for the 
prepolymerization of an a-olef in with the use of metallocene under restricted conditions. 



Related Art 



Catalvsts for producing poly-olefins designated as metallocene catalysts are more-advantageous than 
othe^SJ^ne polymerization of polyo.ef ins. Advantages in the use of the metallocene catalysts are 
their high productivity and their performance for controlling or changing the properties of many 
altering or changing the metallocenes. The polymer particles obtained by the aforemenfoned catalyst system, 
howXer have been accompanied by a problem of difficulty of handling due to their small average parhcle 

diameters ranging from 10 to 50 *im. .... . ime 

Techniques for improving the aforementioned problem have been descnbed .n several ^ures- 
The method of preliminarily bringing a metallocene into contact with an alumoxane .s d.scl °sedm Japanese 
Patent Laid-Open Publication No. 51408/1989, but this method may cause problems such as the product™ 
of a polymer having a small particle diameter as a by-product or the lowering of J^f"^^" 

The methods in which a metallocene is supported on an inorganic earner are d.sclosed in Japanese Patent 
Laid-Open Publication Nos. 108610/1986, 296008/1986, 152608/1988 and 280703/1988. These techniques, 
however may have also problems such as a tedious and complicated process for synthesizing catalysts, low- 
ering of the catalyst activity and an inorganic support remaining as an ash residue in a produced polymer. 

In aX£. Japanese Patent Laid-Open Publication Nos. 199206/1988 and 140305/1991 disclose ^proo- 
esses for producing a polymer having a large particle diameter by a process wherein a precipitate produced 
by the proLnary contact of a metallocene and an organoaluminum is subjected to P re-polymer,zation. These 
methods, however, essentially require the depositing step of preliminary contact product, and. moreover as 
The particle diameter of the precipitate produced is governed by the fact that the parholes 
soluhon whereby the particle size of the precipitate will be conf ined within a narrow range, the may be htte 
freedom to vary the particle size of a-olef in polymers produced thereby and only the bulk specie gravity may 
Je changed by the presence or absence of the pre-polymenzation step. It may thus be difficult by hese meth- 
ods to control the particle size of a-olef in polymers appropriately, and thus further .mprovement may be de- 

Sire These conventional techniques have the above described problems, and thus it has been difficult to obtain 
a polymer having a large particle size in a high yield by a simple and convenient method. 

SUMMARY OF THE INVENTION 

The present invention has been achieved as a result of investigation for the purpose of solving the afore- 

me Tere^sTh b u e s m p S resented a process for producing an a-olefin polymer according to the present ^invention 
which comprises contacting an a-olefin with a catalyst which comprises the following components (A) and (B) 
andhasundergonethe preliminary polymerization of ana-olefinunderthefollowingprel.rn.narypolymenzat.on 

conditions (i) and (ii) thereby polymerizing the a-olefin. 
Preliminary polymerization conditions: 

(i) the polymer produced by the preliminary polymerization has a number average molecular weight based 
on the measurement of Gel Permeation Chromatography of at least 100,000; 

(ii) the amount of the polymer produced by the preliminary polymerization exceeds 50 g of the polymer/g 
of the component (A). 

Component (A) : 

A transition metal compound represented by the formula (I): 

Q(C 5 H 4 . m Ri m )(C 5 H 4 . n R2„)MeXY (I) 
wherein Q represents a bridge which crosslinks the group (C 6 H<. m W m ) and the group (C 5 H^ n R* n ) and is a dn 
valent hydrocarbyl group, a non-substituted or hydrocarbyl group-substituted silylene group, or a d.valent hy- 
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drocarbyl group containing a germanium, phosphorus, nitrogen, boron or aluminum atom; 

each of the group (C 5 H^ m R 1 m ) and the group (C5H4. n R 2 n ) represents a cyclopentadienyl group or a der- 
ivative thereof wherein R 1 and R 2 each represents a hydrogen atom, a hydrocarbyl group, a halogen atom, or 
5 a hydrocarbyl group containing an oxygen, silicon, phosphorus, nitrogen or boron atom, respectively, and 
wherein R 1 and R 2 , which may be the same or different and, when either of R 1 and R 2 is present in plurality, 
two of R 1 and R 2 may or may not be bonded at their respective terminus to form a fused ring with the cyclo- 
pentadienyl group; 

Me represents a transition metal of the IVB-VIB group in the Periodic Table; 
10 each of X and Y, which may be the same or different, represents a hydrogen atom, a halogen atom, a 

hydrocarbyl group, an alkoxy group, an amino group, a nitrogen-containing hydrocarbyl group, a phosphorus- 
containing hydrocarbyl group or a silicon-containing hydrocarbyl group, respectively; and 

m is defined as 0 ^ m ^ 4, and n is defined as 0 ^ b ^ 4. 

15 Component (B) 



An alumoxane represented by the general formula (II) or (III): 



20 R 3 2 Al-(- O-Al-Ja 0A1R 3 2 



R 



3 (ID 



25 



O-Al 



(III) 



30 



wherein a denotes a number in the range of 4 to 30, and R 3 represents a monovalent hydrocarbyl group. 

According to the process of the present invention, a polymer having a particle diameter of 1 00 urn or more 
can be stably produced by a simple and easy method, and the polymer can be handled easily. 



35 DETAILED DESCRIPTION OF THE INVENTION 



The present invention relates to a process for producing an a-olef in polymer, characterized in that an a- 
olef in is brought into contact with a catalyst which comprises the following components (A) and (B) and has 
undergone the preliminary polymerization of an a-olef in under the following preliminary polymerization con- 
40 ditions (i) and (ii) thereby polymerizing the a-olef in. 

The phraseology "which comprises the following components (A) and (B) M herein means that the catalyst 
may, if desired, be formed with a third component in addition to the components (A) and (B) as long as the 
object of the present invention can be achieved, that is, a polymer having a particle diameter of 100 nm or 
more can be obtained. 

45 

Preliminary polymerization conditions 

(i) The polymer produced by the preliminary polymerization has a number average molecular weight based 
on the measurement of GPC of at least 1 00,000. 
50 (ii) The amount of the polymer produced by the preliminary polymerization exceeds 50 g of the polymer/g 
of the component (A). 



Component (A) 

55 The component (A) is a transition metal compound represented by the formula (I): 

Q(C 5 H^ m Ri m )(C 5 H 4 . n R 2 n )MeXY * (II) 
That is, this compound has a structure in which two conjugated five-membered ring groups C 5 H4„ m R 1 m 
and C5H4. n R 2 n crosslinked with the bridge Q, that is, Q(C 5 H^ m R 1 m )(C 5 H4. n R 2 n )coordinate the transition metal 
compound MeXY of the IVB-VIB group in the Periodic Table. 
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In this connection, while the conjugated f ive-membered ring groups C5H4. m Ri m and C5H4. n R 2 n have been 
separately defined, m and n and R 1 and R 2 each have the same meaning, respectively (as will be described 
later in detail), so that it is needless to say that these two conjugated f ive-membered ring groups may be the 
same or different. A specific example of the conjugated f ive-membered ring groups is that wherein m = 0 (or 
n = 0), i.e., a cyclopentadienyl group (having no substituent other than the crosslinking group Q). In the case 
of the conjugated f ive-membered ring groups having a substituent, i.e., m * 0 (or n * 0), a specific example of 
R 1 (or R 2 ) is a hydrocarbyl group having 1 to 20 carbon atoms, preferably 1 to 12 carbon atoms. The hydrocarbyl 
group R 1 (or R 2 ) may be bonded as a monovalent group to a cyclopentadienyl group, but it is within the scope 
of the invention that, when R 1 (or R 2 ) are present in plurality, free or "omega" terminus to form a ring together 
with a part of or fused with the cyclopentadienyl group. A typical example of the latter is the one in which R 1 
(or R 2 ) forms a fused six-membered ring sharing a double bond in common with the cyclopentadienyl group, 
i.e., the one in which the conjugated f ive-membered ring groups is in the form of an indenyl group or a fluorenyl 
group. That is, the typical examples of the conjugated f ive-membered ring groups are substituted or non-sub- 
stituted cyclopentadienyl, indenyl and fluorenyl groups. 

R 1 and R 2 , respectively, include, in addition to the above-described hydrocarbyl group having 1 to 20 car- 
bon atoms, preferably 1 to 12 carbon atoms, a halogen atom such as fluorine, chlorine or bromine; an alkoxy 
group such as that having 1 to 12 carbon atoms; a silicon-containing hydrocarbyl group such as that which 
contains silicon atom in the form of -Si(R^)(R5)(R8) an d has 1 to about 24 carbon atoms; a phosphorus-con- 
taining hydrocarbyl group such as that which contains phosphorus atom in the form of -P(R) 2 and has 1 to 
about 18 carbon atoms; a nitrogen-containing hydrocarbyl group such as that which contains nitrogen atom in 
the form of -N(R)(R') and has 1 to about 18 carbon atoms, and a boron-containing hydrocarbyl group such as 
that which contains boron atom in the form of -B(R) 2 and has 1 to about 18 carbon atoms. When m (or n) is 2 
or higher and there are thus two or more R 1 s (or R 2 s), these groups may be the same or different. 

Q is a bridge which crosslinks the two conjugated f ive-membered ring groups. Q is defined hereinabove, 
and specific examples include (a) an alkylene group such as a methylene group, an ethylene group, an iso^ 
propylene group, a phenylmethylmethylene group, a diphenylmethylene group, or a cyclohexylene group, (b) 
a silylene group such as a silylene group, a dimethylsilylene group, a phenylmethylsilylene group, a diphenyl- 
silylene group, disilylene group, or a tetramethyldisilylene group, and (c) a hydrocarbyl group containing a non- 
carbon atom selected from the group of a germanium, phosphorus, nitrogen and aluminum atom such as 
(CH 3 ) 2 Ge= (C 6 H 5 ) 2 Ge=, (CH 3 )P=, (C 4 H 9 )N=, (CH 3 )B=, (C 6 H 5 )B=, or (C 6 H 5 )AI=. It is preferably an alkylene 
group or a silylene group. The shortest length of Q bridging the two cyclopentadienyl groups may, preferably, 
be 1 or 2 atoms as is evident from the preferred examples of Q given above, wherein a cycioalkylene is counted 
as 1 atom. 

Me is a transition metal of the IVB-VIB group in the Periodic Table, preferably titanium, zirconium and haf- 
nium. More preferably, it is zirconium and hafnium, particularly zirconium. 

Each of X and Y is a hydrogen atom, a halogen atom, a hydrocarbyl group having 1 to 20, preferably 1 to 
10 carbon atoms, an alkoxy group having 1 to 20, preferably 1 to 10 carbon atoms, an amino group which may 
or may not have an alkyl group having 1 to 20, preferably 1 to 10 carbon atoms, a phosphorus-containing hy- 
drocarbyl group having 1 to 20, preferably 1 to 10 carbon atoms such as a diphenylphosphine group, and a 
silicon-containing hydrocarbyl group having 1 to 20, preferably 1 to 10 carbon atoms such as specifically a tri- 
methylsilyl group. X and Y may be the same or different, m denote an integer defined as 0 ^ m ^ 4, and n 
denotes an integer defined as 0 ^ n ^ 4, respectively. 

Specific examples of the transition metal compound in which Me is zirconium are as follows. 

(a) Transition metal compounds containing a f ive-membered ring ligand crosslinked with an alkylene group 

such as: 

(1) Methylenebis(indenyl)zirconium dichloride, 

(2) Ethylenebis(indenyl)zirconium dichloride, 

(3) Ethylenebis(indenyl)zirconium monohydride monochloride, 

(4) Ethylenebis(indenyl)methylzirconium monochloride, 

(5) Ethylenebis(indenyl)zirconium monomethoxy monochloride, 

(6) Ethylenebis(indenyl)zirconium diethoxide, 

(7) Ethylenebis(indenyl)zirconium dimethyl, 

(8) Ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(9) Ethylenebis(2-methylindenyl)zirconium dichloride, 

(10) EthyIenebis(2,4-dimethylindenyl)zirconium dichloride, 

(11) Ethylene(2,4-dimethylcyclopentadienyl)(3 , ,5 , -dimethylcyclopentadienyl)zirconium dichloride, 

(12) Ethylene(2-methyl-4-tert-butylcyclopentadienyl)(3 , -tert-butyl-5 , -methylcyclopentadienyl)zirc^ 
urn dichloride, 
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(13) Ethylene(2,3,5-trimethylcyclopentadie^^ 

(14) lsopropylidenebis(indenyl)zirconium dichloride, 

(15) lsopropylidenebis(2-methylindenyl)zirconium dichloride, 

(16) lsopropylidenebis(2,4-dimethylindenyl)zirconium dichloride, 

(17) lsopropylidenebis(2,4-dimethylcydopentadienyl)(3\5 , -dimethy!cyclopentadienyl)zirconium di- 
chloride, 

(18) lsopropylidenebis(2-methyl-4-tert-butylcycto^ 
nyl)zirconium dichloride, 

(19) Methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichloride, 

(20) Methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium chloride hydride, 

(21) Methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dimethyl, 

(22) Methylene(cyclopentadienyl)(3,4-dimethyIcyclopentadienyl)zirconium diphenyl, 

(23) Methylene(cyclopentadienyl)(trimethylcyclopentadienyl)zirconium dichloride, 

(24) Methylene(cydopentadienyl)(tetramethylcyclopentadienyl)zirconium dichloride, 

(25) lsopropylidene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichloride, 

(26) lsopropylidene(cyclopentadienyl)(2,3 l 4,5-tetramethylcyclopentadienyl)zirconium dichloride, 

(27) lsopropylidene(cyclopentadienyl)(3-methylindenyl)zirconlum dichloride, 

(28) lsopropylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 

(29) !sopropylidene(2-methylcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(30) lsopropylidene(2,5-dimethylcyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichlor- 
ide, 

(31) lsopropylidene(2,5-dimethylcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(32) Ethylene(cyclopentadienyl)(3,5-dimethylcyclopentadienyl)zirconium dichloride, 

(33) Ethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 

(34) Ethylene(2,5-dimethylcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(35) Ethylene(2,5-diethylcyclopentadienyl)(fluorenyl)zirconium dichloride, 

(36) Diphenylmethylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichloride, 

(37) Diphenylmethylene(cyclopentadienyl)(3,4-diethylcyclopentadienyl)zirconium dichloride, 

(38) Cyclohexylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride, and 

(39) Cyclohexylidene(2,5-dimethylcyclopentadienyl)(3\4 , -dimethylcyciopentadienyl)zirconium dichlor- 
ide. 

(b) Transition metal compound containing afive-membered ring ligand crosslinked with a silylene group: 

(1) Dimethylsilylenebis(indenyl)zirconium dichloride, 

(2) DimethylsilyIenebis(2-methylindenyl)zirconium dichloride, 

(3) Dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(4) Dimethylsilylenebis(2-methyl-4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(5) Dimethylsilylenebis(2,4-dimethylindenyl)zirconium dichloride, 

(6) Dimethylsilylene(2,4-dimethylcyclopentadienyl)(3 , ,5'-dimethylcyclopentadienyl)zirconium dichlor- 
ide, 

(7) Phenylmethylsilylenebis(indenyl)zirconium dichloride, 

(8) PhenylmethylsilyIenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 

(9) Phenylmethylsilylenebis(2-methylindenyl)zirconium dichloride, 

(10) Phenylmethylsilylene(2,4-dimethylcydopentadienyl)(3\5 f -dimethylcyclopentadienyl)zirconiumdh 
chloride, 

(11) Phenylmethylsilylene(2,3,5-trimethylcydopentadienyl)(2,4,5-trimethylcyclopentadienyl)zirconium 
dichloride, 

(12) Phenylmethylsilylenebis(tetramethylcyclopentadienyl)zirconium dichloride, 

(13) Diphenylsilylenebis(indenyl)zirconium dichloride, 

(14) Diphenylsilylenebis(2-methylindenyl)zirconium dichloride, 

(15) Diphenylsilylenebis(2,4-dimethylindenyl)zirconium dichloride, 

(16) Tetramethyldisilylenebis(indenyl)zirconium dichloride, 

(17) Tetramethyldisilylenebis(cyclopentadienyl)zirconium dichloride, 

(18) Tetramethyldisilylene(3-methylcyclopentadienyl)(indenyl)zirconium dichloride, 

(19) Dimethylsilylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)zirconium dichloride, 

(20) Dimethylsilylene(cyclopentadienyl)(trimethylcyclopentadienyl)zirconium dichloride, 

(21) Dimethylsilylene(cyclopentadienyl)(tetramethylcyclopentadienyl)zirconium dichloride, 

(22) Dimethylsilylene(cydopentadienyl)(3,4-diethylcydopentadienyl)zirconium dichloride, 

(23) Dimethylsilylene(cyclopentadienyl)(triethylcyclopentadienyl)zirconium dichloride, 
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(24) Dimethylsilylene(cydopentadienyl)(tetraethylcydopentadienyl)zircon l umd.chlonde, 

(25) Dimethylsilylene(cydopentadienyl)(fluorenyl)zirconium dichloride, 
(26 Dimethylsilylene^^ 

(27) Dimethylsilylene(cydopentadienyl)(octahydrofluorenyl)zircon.urn dichlonde. 

(28) Dimethylsilylene(2-methylcyclopentadienylfluorenyl)zirconium dichlonde 

(29 Dimethylsilylene(2.5^imethylcydopentadienyl)(fluorenyl)z.rcon.urn dichlonde. 
30) Dimethylsilylene(2-ethylcyclopentadienyl)(fluorenyl)zirconium dichlonde. 

31 Dimethylsilylene(2.5-diethylcyclopentadienyl)(fluorenyl)zircon.um d.chlonde 

32 Zeth y lsilylene(2-methylcydopentadienyl)(2.7-di-tert-bu 

33 Dire hy silylene(2.5^imeth 

gSmSsilylene diethyl^ 

(36 Dimethylsil y lene(methylcyclopentadienyl)(octahydr 0 fluorenyl)z«rcon,umd.chlo^ 
(37 Dimethylsilylene(dimethylcydopentadienyl)(octahydrofluorenyl)z.rco^ 
(38 Dimethylsilylene(ethylcyclopentadienyl)(octahydrofl U orenyl)z|rcon l umd,^ 
39 DimethylsilylenetdiethylcyclopentadienyDtoctahydrof luorenyl)z.rcon.um > d^">*- 

(c) Transition me Jcompounds containing a five-membered ring ligand crossl.nked win a hydrocarby. 

group containing a germanium, aluminum, boron, phosphorus or nrtrogen atom: 

(1) Dimethylgermaniumbis(indenyl)zirconium dichlonde, 

(2) Dimethylgermaniumbis(2-methylindenyl)zirconium dichloride, 

(3) Dimethylgermanium(cyclopentadienyl)(fluorenyl)zirconium dichlonde. 

(4) Methylaluminumbis(indenyl)zirconium dichloride, 

(5) Phenylaluminumbis(indenyl)zirconium dichloride, 

(6) Phenylphosphynobis(indenyl)zirconium dichloride, 

(7) Ethylphoranobis(indenyl)zirconium dichloride, 

(8) Phenylaminobis(indenyl)zirconium dichloride, and 

bee r p^o dbTt^ 

Among these compounds, the zirconium compounds, the hafnium compounds and the titamum com- 
oounTare preferred ?he hafnium compounds in which the crosslinking group Q is an alkylene group or a 
sJvlene m TZtezLrtum compounds in which the bridge Q is an alkylene group or a s,lylene group 
and lC H R' ) and fcT n R?„). respectively, represent an indenyl group having a substituent, preferably a 
fo^r Z tup^tn^tpfsi counted fL the position of the bridge or a derivative thereof are more 
preferred. 

Component (B) 

The other catalyst component used in the present invention is an alumoxane represented by the following 



formulae (II) or (III): 



R 3 2 Al-f- O-Al-Ja 0A1R 3 2 

L (II) 
R 3 



o-Ai-Ta+r 

R 3 



(III) 



whereinadenotesanumberfrom4to30,preferablyfrom10to25,andR3representsamonovalenthydrocarbyl 

moietv hiving preferably 1 to 10 carbon atoms, more preferably 1 to 4 carbon atoms. 

The component (B) is a product obtained by the reaction of a trialkylaluminum or two or more types ofa 
WalSuTnum wi!h water. Specifically, (a) a.umoxanes obtained from a single spec.es of tr.alkyla.um.num 
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such as methylalumoxane, ethylalumoxane, propylaiumoxane, butylalumoxane and isobutylalumoxane; and 
(b) alumoxanes obtained from two types of a trialkylaluminum and water such as methylethylalumoxane, me- 
thyibutylalumoxane, and methylisobutylalumoxane are examples. Among these alumoxanes, methylalumox- 
ane and methylisobutylalumoxane are particularly preferred. 

These alumoxanes may if desired be used in combination within each group (a) or (b) or between the 
groups (a) and (b), and moreover may if desired be used in combination with another alkylaluminum compound 
such as trimethylaluminum, triethylaluminum, triisobutylaluminum, and dimethylaluminum chloride. 

These alumoxanes can be prepared under various well-known conditions. Specifically, the following meth- 
ods can be specified: 

(i) a method where a trialkylaluminum is directly reacted with water in the presence of an appropriate or- 
ganic solvent such as toluene, benzene or ether; 

(ii) a method where a trialkylaluminum is reacted with a salt hydrate having water of crystallization such 
as a hydrate of copper sulfate or aluminum sulfate; 

(iii) a method where a trialkylaluminum is reacted with water impregnated into silica gel; 

(iv) a method where a mixture of trimethylaluminum and triisobutylaluminum is directly reacted with water 
in the presence of an appropriate organic solvent such as toluene, benzene or ether, 

(v) a method where a mixture of trimethylaluminum and triisobutylaluminum is reacted under heating with 
a salt hydrate having water of crystallization such as a hydrate of copper sulfate or aluminum sulfate, 

(vi) a method where silica gel is impregnated with water, which is then treated with triisobutylaluminum 
followed by trimethylaluminum, 

(vii) a method where methylalumoxane and isobutylalumoxane are synthesized by a known method, these 
two alumoxanes are mixed in the predetermined amounts, and the mixture is caused to react under heat- 
ing, and 

(viii) a method where a salt having water of crystallization such as copper sulfate pentahydrate added to 
an aromatic hydrocarbon solvent such as benzene, toluene or the like is reacted with trimethylaluminum 
at a temperature in the range of -40 to 40°C. In this case, the amount of water to be used is generally in 
a molar ratio from 0.5 to 1.5 to the amount of trimethylaluminum. The alumoxanes thus obtained are linear 
or cyclic organoaluminum polymers. 

Production of g-olefin polymers 

The process for producing an a-olef in according to the present invention comprises contacting an a-olef in 
with a catalyst which comprises the above-described components (A) and (B) and has undergone a preliminary 
polymerization of an a-olef in under the specific preliminary polymerization conditions (i) and (ii) thereby poly- 
merizing the a-olef in. The a-olef in used in the preliminary polymerization is one having 2 to 10 carbon atoms, 
preferably 3 to 6 carbon atoms. Propylene is particularly preferred. 

Preliminary polymerization conditions 

Condition (i): This condition requires that the polymer produced by the preliminary polymerization have a 
number average molecular weight based on the measurement of Gel Permeation Chromatography (GPC) 
of at least 100,000. If this condition is not satisfied, the polymer obtained contains as by-products fine par- 
ticles having an average particle diameter of 10 to 50 urn or consists only of these fine particles. 
Condition (ii): This condition requires that the amount of the polymer produced by the preliminary poly- 
merization exceed 50 g of the polymer/g of the component (A). 

If this condition is not satisfied, polymers having low particle diameters are obtained as by-products. 
The amount is preferably in the range of 1 00 or more g of the polymer/g of the component (A), particularly 
200 or more g of the polymer/g of the component (A) and about 10,000 or less g of the polymer/g of the 
component (A). 

In the present invention, it is necessary to satisfy at least the aforedescribed conditions (i) and (ii), 
and it is preferred further to satisfy the following conditions in order to obtain a better a-olef in polymer. 
Condition (iii): This condition requires that, in the case of an a-olefin, the polymer produced by the pre- 
liminary polymerization have a value of [mm] or [rr] by 13 C-NMR of 0.80 or more. If this condition is not 
satisfied, a polymer having a particle diameter of 100 ^m or more may not be stably obtained. The value 
of [mm] or [rr] is preferably 0.85 or more. 

Condition (iv): This condition requires that the temperature of preliminary polymerization be lower than 
40°C. This condition is specified from the viewpoint of conducting a preliminary polymerization so that a 
polymer having a high molecular weight will be obtained atthe preliminary polymerization. The temperature 
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. J^nTZ™£^™™l be a saturated aliphatic or aromatic hydrocarbon such as hexane heptane 
2£E^K£^ those having 3 to 1 0 carbon atoms, more preferably those havmg 3 to 7 
S2?Sl^SSi in ^preliminary polymerfcation of the P^J^^ 60 ^^ 
Sd7m which may be deposited or dissolved in the solvent or dispersant used, are preferably m a dissolved 

Tho flWra ne narticle diameter of a polymer was measured with IMAGE ANALYZER, shua u moaei, mo. 

Is analyzed or the basis of the method* described In A. Zambelh: Macromolecules. 21617 (1988) and Tet 

the minimum unit of a stereo structure as a monomer un.t in an a-olef in polymer. 

Production of a-olef in polymers 

The oresent invention is generally useful for the production of any a-olef in polymer However, an a-olef in 
havina 2 toTcwbon atoms is preferred on the points of the availability or reactivity of a polymer produced, 
SE^^TSm-- ln.thi3 connection, in the polymerization of propylene or a higher a-olef in 
the SoS d-W* a structure in which the position of a crosslinked f ive-membered nng ligand 
L noTr t he re a«onship of a substance and its minor image with respect to the plane contaimng the metal 

of ethylene homopolymers or ethylene copolymers in which ethylene predominates 

The amount of the component (A) used in the present invention is preferably in the range of 10- to 10* 

01 50 or more, preferably 1 00 or more, more preferably 300 or more, particularly 1 ,000 or more, but no h.gher 

th The P oSa,ysi°wL has undergone the preliminary polymerfcation according to the present invention fe 
use I in ^soTveXTrnerization. and is used also in liquid phase solventless polymerization or vapor phase poj- 
ZmmTSSI solven is substantially used. The polymerization mode may be conbnuous po. y mer«a- 
rnTbatoh-rse polymerization. The solvent polymerization may be carried out in a solvent wh.ch is drfferct 
Tm or tte sle as the one used in the preliminary polymerization. In addition, the .mprovement .nherent in 
rp^sent invention may be prominent in the case of solvent polymerization in which polymer particles pro- 
duced can easily be disintegrated since solvent polymerization proceeds in slurry. 
^£JJZ^ temperature is preferably in the range of -10«C to 100'C. more preferably at or h,gher 
than 'the £Z?in the preliminary pdymerization to 80°C. The olefin pressure of the reaction system, which 
is not critical, is preferably in the range of atmospheric pressure to 50 kg/cm*G. 

EXAMPLES 

The present invention will be described more specifically by the following examples. 
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Example 1 

All of the reactions were carried out under an inert gas atmosphere. Solvents which had been preliminarily 
5 dried were used. 

Preparation of the Component (A) 

The Component (A), ethylenebis(indenyl)hafnium dichloride to be used was synthesized in accordance 
10 with the method described by H.H. Britzingen J. Orgmetallic Chemistry, 288, 65, 1985. 

Preparation of the Component (B) 

The synthesis of an alumoxane was conducted as follows. Into a reaction vessel containing 565 ml of a 
15 solution in toluene of 48.2 g of trimethylaluminum was added 50 g of copper sulfate pentahydrate in 5 g portions 
at 5 minute intervals under stirring at 0°C. After the addition had been completed, the mixture was gradually 
heated to 25°C and caused to react at 25°C for 2 hours, and then at 35°C for 2 days. The remaining copper 
sulfate solid was removed by filtration to produce a solution in toluene of the alumoxane, methylalumoxane, 
in a concentration of 27.3 mg/ml or 2.7 wt/v%. 

20 

Polymerization 

Into an autoclave having an internal volume of 1 .5 liters and equipped with a stirrer purged thoroughly with 
propylene, was introduced 600 ml of heptane and it was maintained at a temperature of 25°C. Next, methyla- 
25 lumoxane in an amount of 10 mmol in terms of the Al atom and 1 nmol of ethylenebisindenylhafnium dichloride 
were introduced, and propylene was then introduced to conduct the preliminary polymerization at a pressure 
in the autoclave of 0.5 kg/cm 2 G for 30 minutes. 

After the preliminary polymerization was completed, 300 ml of the polymer slurry was taken out from the 
autoclave, and the polymer was separated from the slurry by filtration and dried to give 0.13 g of a polymer. 
30 The amount of preliminary polymerization per 1 g of the component (A), which will be referred to hereinafter 
as pre-polymerization PY, was 514 g, [mm] was 0.911 and Mn was 175,000. 

After 200 ml of toluene was then supplemented, propylene was introduced to conduct polymerization at a 
pressure in the autoclave of 7 kg/cm^G at 40°C for 2 hours. After the reaction was completed, the polymer 
slurry obtained was filtered, and the polymer obtained was dried. As a result, 10.7 g of the polymer was ob- 
35 tained. Polymerization activity was 42.3 kg/g of the Component (A). The polymerobtained had an average par- 
ticle diameter of 1050 nm with less than 1% of fine particles having a particle diameter of 50 urn or less. 

Example 2 

40 The procedure set forth in Example 1 was repeated except that preliminary polymerization was conducted 
for 1 hour. As a result, the amount of the polymer recovered from preliminary polymerization was 0.29 g, the 
prepolymerization PY was 1150 g, [mm] was 0.913 and Mn was 172,000. The polymerization produced a poly- 
mer in an amount of 1 3.2 g. The polymerization activity was 52.0 kg/g of the Component (A), the average par- 
ticle diameter was 1210 urn, and fine particles having a particle diameter of 50 ^m or less was less than 1%. 

45 

Comparative Example 1 

The procedure set forth in Example 1 was repeated except that preliminary polymerization was conducted 
for 5 minutes. As a result, the amount of the polymer recovered from preliminary polymerization was 0.01 g, 
so the pre-polymerization PY was 40 g, [mm] was 0.909 and Mn was 170,000. The polymerization produced a 
polymer in an amount of 7.1 g. The polymerization activity was 28.1 kg/g of the Component (A), the average 
particle diameter was 15.1 ^m. 

Example 3 

55 

Preparation of the Component (A) 

Synthesis of dimethylsilylenebis(2-methylindenyl)zirconium dichloride: 

In a 500 ml glass reaction vessel, 4.3 g (33 mmol) of 2-methylindene was dissolved in 80 ml of tetrahydro- 
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furan, and 21 ml of a 1.6 M n-butyl lithium solution in hexane was slowly added dropwise to the reaction vessel 
under cooling After stirring for 1 hour at room temperature, the mixture was cooled again. After 2.1 g of dime- 
thyld.ch oros.lane was slowly added dropwise. the mixture was stirred at room temperature for 12 hours and 
50 ml of water was then added. The organic phase was separated and dried to give 3.5 g of dimethylb'is(2- 
methylindenyl)silane. x 

3.5 g of dimethylbis(2-methylindenyl)silane obtained by the above-described procedure was dissolved in 
70 mi of tetrahydrofuran, and 13.9 ml of a 1.6 M n-butyl lithium solution in hexane was slowly added dropwise 
After st.rr.ng for 3 hours at room temperature, the mixture was slowly added dropwise to a solution of 2 6 q 
(11 1 mmol) of zirconium tetrachloride in 60 ml of tetrahydrofuran. After stirring the resulting mixture for 5 hours 
hydrogen chloride gas was blown into the mixture and the mixture was dried. Methylene chloride was then 
added, and the methylene chloride soluble fraction was separated and cooled to undergo crystallization to give 
0.45 g of orange powder. a 

It was confirmed by 1 HNMR that the compound thus obtained was dimethylsilylenebis(2-methylinde- 
nyl)zircon.um dichloride, and the two 2-methylindenyl groups were asymmetric. 

Polymerization 

The procedure set forth in Example 1 was repeated except that ethylenebisindenylhafnium dichloride was 
replaced by d.methyls.lylenebis(2-methylindenyl)zirconium dichloride and preliminary polymerization was con- 
ducted for 15 m.nutes. As a result, the amount of a polymer recovered from the preliminary polymerization was 
0.43 g w.th a pre-polymerization PY of 1810 g, [mm] = 0.938 and Mn = 158,000. The polymerization produced 
a polymer in an amount of 27.6 g. The polymerization activity was 116 kg/g of the Component (A), the average 
part.de dimeter was 250 ^m, and fine particles having a particle diameter of less than 50 urn was less than 
1 %. The bulk density of the polymer was 0.30 g/cc. 

Example 4 

The procedure set forth in Example 3 was repeated except that heptane was replaced by toluene in the 
preliminary polymerization and the polymerization subsequenly conducted at 40°C was conducted at a tem- 
perature of 50«C The amount of the polymer recovered from the preliminary polymerization was 0.59 g with 
a p e-polymenzabon PY of 2500 g, [mm] was 0.934 and Mn was 152,000. The polymerization produced a po^ 
me ^ nanamo "" tof62 -59 NThe polymerization activity was 266 kg/g ofthe Component (A), the average particle 

tSTT " m '. PartiCl6S haVi " 9 8 PartiC ' e diameter ° f less than 50 ^ " as less 1 %• The 

bulk density of the polymer was 0.41 g/cc. 

Comparative Example 2 

coniIm^ d H re ^ f °? in ^ a ?' e 4 W8S repeated 6XCept that di ^thysi'y'enebis(2-methylindenyl)zir- 
conium dichlonde was replaced by d.methylsilylenebis(indenyl)zirconium dichloride. As a result, the amount 

a IT- o,7 6 Tr f r«!!!f preliminar y Po'^erization was 0.67 g with a pre-polymerization PY of 2,990 
g, [mm] - 93.4 and Mn = 42.000. The polymerization produced a polymer in an amount of 36.6 g. The poly- 

5225l aC ?S f W8S 163 k9/9 ° f * he Com P° n ent (A), the average particle diameter was 25.3 m , and the 
bulk density of the polymer was 0.35 g/cc. 

ComparatiyeJxampJe3 

at « t? m T^ edUr 1 in EXamP ' e 4 W3S fepeated except that P r eliminary polymerization was conducted 

X t • ' ^ am ° Unt ° f the Pe'V^er recovered from the preliminary polymerization 

was 1 08 g with a pre-polymerization PY of 4,540 g, [mm] = 0.921 and Mn = 78,000. The polymerization pro^ 
duced a polymer in an amount of 57.9 g. and the polymerization activity was 243 kg/g of the Component (A) 
The polymer was a m,xture of particles having an average particle diameter of 800 to 1 ,000 ^m and particles 
having an average particle diameter of 10 to 20 urn. pamaes 

Comparative Example 4 

™ The P roced " re set for , th in ^P'e 3 was repeated except that dimethylsilylenebis(2-methylindenyl)zir- 
comum d.chlonde was replaced by 1 0 ^ of bis(cyclopentadienyl)zirconium dichloride. As a result the amount 
ofthe polymer recovered from the preliminary polymerization was 0.60 g with a pre-polymerization PY of 410 
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g, [mm] = 0.30 and Mn = 1,980. The polymerization produced a liquid polymer in an amount of 32.8 g. The poly- 
merization activity was 22.5 kg/g of the Component (A). 

5 Example 5 

Into an autoclave having an internal volume of 1.5 liters and equipped with a stirrer purged with nitrogen, 
was introduced 500 ml of toluene and it was cooled to -10°C. Next, methylalumoxane in an amount of 20 mmol 
in terms of the Al atom and 2 \imo\ of dimethylsilylenebis(tetrahydroindenyl)zirconium dichloride were intro- 

10 duced, and 100 ml of propylene was introduced to conduct preliminary polymerization for 2 hours. After pro- 
pylene was purged, 250 ml of a polymer slurry was taken out from the autoclave, filtered and the polymer was 
dried to give 0.11 g of a polymer. The amount of preliminary polymerization per 1 g of the Component (A) was 
240 g, [mm] was 0.971 and Mn was 117,000. 

After 250 ml of toluene was supplemented, the temperature of the mixture was raised, and polymerization 

15 was conducted at a propylene pressure of 7 kg/cm^G at 40°C for 2 hours. After the reaction was completed, 
the polymer slurry obtained was filtered, and the polymer obtained was dried. As a result, the polymer was 
obtained in an amount of 118.5 g. Polymerization activity was 260 kg/g of the Component (A). The polymer 
obtained had an average particle diameter of 110 urn and a bulk density of 0.43 g/ml. 

20 Example 6 

Into a glass flask having an internal volume of 300 ml purged with propylene, was introduced 100 ml of 
toluene. Next, methylalumoxane in an amount of 5 mmol in terms of the Al atom and 5 nmol of dimethylsily- 
lenebis(2-methylindenyl)zirconium dichloride were introduced. Preliminary polymerization was carried out at 

25 a temperature in the flask maintained at 20°C under an atmospheric pressure of propylene for 15 minutes. 

Subsequently, into a 1 .5 liter autoclave equipped with a stirrer which had preliminarily purged with propy- 
lene and containing 500 ml of toluene and methylalumoxane in an amount of 10 mmol in terms of the Al atom 
was introduced 11 ml of the slurry obtained from the preliminary polymerization in the glass flask containing , 
1.0 nmol of dimethylsilylenebis(2-methylindenyl)zirconium dichloride, and propylene was polymerized there- 

30 over at 40°C under 7 kg/cm 2 for 2 hours. After the polymerization was completed, the polymer slurry thus ob- 
tained was filtered and the polymer obtained was dried. As a result, 109.8 g of a polymer was obtained. Poly- 
merization activity was 231 kg/g of the Component (A). The polymer obtained had an average particle diameter 
of 300 \im and the bulk density was 0.31 g/ml. The pre-polymerization PY in the flask was 350 g/g of the Com- 
ponent (A), [mm] was 94.9 and Mn was 213,000. 

35 

Example 7 

Preparation of a catalyst for preliminary polymerization 

40 into a glass flask of an internal volume of 300 ml purged with propylene, were added 100 ml of toluene 
and 19.1 mg (40 ^mol) of dimethylsilylenebis(2-methylindenyl)zirconium dichloride. The flask was cooled to 
10°C, and 2.32 g (40 mmol) of methylalumoxane diluted in 20 ml of toluene was introduced thereto. Propylene 
gas was introduced into the flask under atmospheric pressure at a temperature maintained lower than 20°C 
for 30 minutes thereby to conduct preliminary polymerization. The flask was then purged with nitrogen gas 

45 and the toluene was vaporized by means of nitrogen gas blown thereinto to give 10.5 g of a catalyst which had 
undergone preliminary polymerization of average particle size of 40 urn of spherical shape. The prepolymeri- 
zation PY was 430 g/g-Component (A), and [mm] was 0.945 and Mn was 224,000. 

Gas-phase polymerization of propylene 

50 

Into an autoclave of an internal volume of 1 .5 liters and equipped with a stirrer, were introduced under nh 
trogen gas atmosphere 0.11 g of methylalumoxane diluted in 1 ml of toluene and 2 g of the catalyst which had 
undergone preliminary polymerization obtained in the above, and gas-phase polymerization of propylene was 
conducted at a temperature of 50°C under a propylene pressure of 7 kg/crr^G for 2 hours. The solid product 
55 obtained was washed with a lot of water, filtered and dried to give 1 5.3 g of a polymer. 

The catalyst activity was thus 4.2 kg polymer/g-Component (A), and the polymer obtained had an average 
particle size of 250 ^m with a content of particles of a particle size no larger than 105 jim of 1.9% by weight, 
and a bulk density of 0.36 g/cc. 
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Claims 



1. A process for producing an a-o!ef in polymer which comprises contacting an a-olef in with a catalyst, which 
catalyst comprises the following components (A) and (B) and has been used for the preliminary polymer- 
ization of an a-olef in under the following preliminary polymerization conditions (i) and (ii), thereby poly- 
merizing the a-olef in, 

said preliminary polymerization condition (i) being that the polymer produced by the preliminary 
polymerization has a number average molecular weight based on the measurement of Gel Permeation 
Chromatography of at least 100,000. 

said preliminary polymerization condition (ii) being that the amount of the polymer produced by the 
preliminary polymerization exceeds 50 g of the polymer/g of the component (A), 

said component (A) being a transition metal compound represented by the formula (I): 
Q(C 5 H^ m R 1 J(C 5 H^ n R 2 „)MeXY (I) 
wherein Q represents a bridge which crosslinks the group (C 5 H4. m R 1 m ) and the group (C 5 H4. n R 2 n ) and is 
a divalent hydrocarbyl group, a non-substituted or hydrocarby] group-substituted silylene group, or a di- 
valent hydrocarbyl group containing a germanium, phosphorus, nitrogen, boron or aluminum atom; 

each of the group (C 5 H4. m R 1 m ) and the group (C 5 H4. n R 2 n ) represents a cyclopentadienyl group or 
a derivative thereof wherein each of R 1 and R 2 represents a hydrogen atom, a hydrocarbyl group, a ha- 
logen atom, or a hydrocarbyl group containing an oxygen, silicon, phosphorus, nitrogen or boron atom, 
respectively, and wherein R 1 and R 2 , which may be the same or different and, when either of R 1 and R 2 
is present in plurality, two of R 1 or R 2 may or may not be bonded at their respective terminus to form a 
fused ring with the cyclopentadienyl group; 

Me represents a transition metal of the IVB-VIB group in the Periodic Table; 

each of X and Y, which may be the same or different, represents a hydrogen atom, a halogen atom, 
a hydrocarbyl group, an alkoxy group, an amino group, a nitrogen-containing hydrocarbyl group, a phos- 
phorus-containing hydrocarbyl group or a silicon-containing hydrocarbyl group, respectively; and 

m is defined as 0 ^ m ^ 4, and n is defined as 0 ^ b ^ 4, 

said component (B) being an alumoxane represented by the following general formula (II) or (III): 

R 3 2 Al--e CKAl-}a 0A1R 3 2 

R 3 (I3C ) 



(iii) 



wherein a denotes a number in the range of 4 to 30, and R 3 represents a monovalent hydrocarbyl group. 

2. The process as claimed in claim 1, wherein the Me is selected from the group consisting of Zr and Hf. 

3. The process as claimed in claim 2, wherein the Me is Zr. 

4. The process as claimed in claim 1, wherein the moieties (C5H4. m R 1 m ) and (C5H4. n R 2 n ) are each selected 
from the group consisting of a cyclopentadienyl group, an indenyl group and a f luorenyl group. 

5. The process as claimed in claim 1, wherein the moieties (C 5 H4. m R 1 m ) and (C 5 H^ n R 2 n ) are each selected 
from the group consisting of a substituted cyclopentadienyl group, a substituted indenyl group and a sub- 
stituted f luorenyl group, all within the scope of the formulae. 

6. The process as claimed in claim 1 , wherein the Q in the formula (I) is an alkylene group having a shortest 
chain length between the cyclopentadienyl moieties of 1 or 2 carbon atoms. 

7. The process as claimed in claim 6, wherein the alkylene group is selected from the group consisting of a 
methylene group, an ethylene group, an isopropylene group, a phenylmethylmethylene group, a diphe- 
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nylmethylene group, and a cyclohexylene group. 

8. The process as claimed in claim 1, wherein the Q in the formula (I) is a silyiene group having a shortest 
chain length between the cyclopentadienyl moieties of 1 to 2 silicon atoms. 

9. The process as claimed in claim 8, wherein the silyiene group is selected from the group consisting of a 
silyiene group, a dimethyisilylene group, a phenylmethylsilylene group, a diphenylsilylene group, disily- 
lene group, and a tetramethyldisilylene group. 

10. The process as claimed in claim 1, wherein the Q in the formula (I) is a hydrocarbyl group containing a 
non-carbon atom selected from the group consisting of G, P, N and Al having a shortest chain length be- 
tween the cyclopentadienyl moieties of 1 atom of the non-carbon atom. 

11. The process as claimed in claim 10, wherein the Q is selected from the group consisting of (CH 3 ) 2 Ge=, 
(C 6 H 5 )2Ge= (CH 3 )P=, (C 4 H 9 )N=, (CH 3 )B= (C 6 H 5 )B=, and (C 6 H 5 )AI=. 

12. The process as claimed in claim 1, wherein the X and Y are each a halogen atom. 

13. The process as claimed in claim 1, wherein the moiety R 3 in the alumoxane is an alkyl group of 1 to 4 
carbon atoms. 

14. The process as claimed in claim 1 3, wherein the moiety R 3 is selected from the group consisting of a me- 
thyl group, an isobutyl group and a mixture of a methyl group and an isobutyl group. 

15. The process as claimed in claim 1 , wherein the preliminary polymerization is conducted at a temperature 
no higher than the level at which the polymerization which succeeds the preliminary polymerization is 
conducted. 

16. The process as claimed in claim 1, wherein the a-olefin for the preliminary polymerization is propylene. 

17. The process as claimed in claim 1, wherein the polymer produced in the preliminary polymerization has 
the value of [mm] or [rr] upon 13 C-NMR analysis of at least 0. 80. 

18. The process as claimed in claim 1 , wherein the preliminary polymerization is conducted at a temperature 
lower than 40°C. 



